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Solve for Hy:

H6 3.71

20— 27— 00089 ~ 2 = 1,03 . H,=1.03x3.7 =381
gT 32.2x3.6 Hob

165 x 3.813

= = 533# ~ OK
2.2(2.65 — 1)3cot 30°

w

NOTE: 1/4-ton proposed revetment is more robust than the attached Port revetment for Coronado
that has a 1.6-mile fetch out of the east.
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1 Introduction

This report presents the results of Dudek’s sea level rise vulnerability assessment of the project located at the
shoreline fronting the waterfront properties of 407 and 409 1st Street, Coronado, California 92118. This project
includes replacing the riprap revetment structure fronting approximately 170 linear feet of shoreline within the San
Diego Bay. The revetment is a critical shoreline stabilization structure protecting the properties from erosion and
flooding from wave action within the bay. Sea level rise exacerbates the risks of erosion, flooding, and other coastal
hazards, therefore routine maintenance of the revetment structure to maintain structural stability is of high
importance in achieving sea level rise resilience. This report will quantitatively and qualitatively assess sea level
rise-related vulnerabilities both to the new structure over its design life, and to the surrounding coastal environment
as a result of this project.

A key finding of our assessment is that the revetment structure assists in sea level rise resilience through erosion
control and dissipating waves, but it is not the primary shoreline structure responsible for preventing coastal
flooding; the revetment is backed by existing hardscape that extends multiple feet above the crest of the
revetment’s base layer. Therefore, the existing hardscape, which is outside the scope of this project, is the effective
shoreline barrier against flooding from elevated bay waters.

The methodologies applied in this report’s analysis utilize and build upon local sea level rise research published in
the Port of San Diego’s AB 691-compliant 2019 Sea Level Rise Vulnerability Assessment & Coastal Resiliency
Report and City of Coronado’s 2022 Sea Level Rise Vulnerability Assessment and Adaptation Plan Report, while
using the latest sea level rise guidance and values from the California Ocean Protection Council’s (OPC) 2024 Sea
Level Rise Guidance and California Coastal Commission’s (CCC) 2024 Sea Level Rise Policy Guidance. A key sea
level rise vulnerability tool used in this assessment is the United States Geological Survey’s (USGS) Coastal Storm
Modeling System (CoSMoS).

Disclaimer: Dudek’s responsibilities for this project are limited to this sea level rise vulnerability assessment;
Dudek’s work on this project does not include engineering design, surveying, coastal planning, or any other activity
related to decision-making on the project plan. This report does not verify any of the data provided to Dudek, and
does not validate or imply approval of engineering designs or project plans by others. Refer to the construction
documents for coastal engineering analyses of riprap sizing and stability.

2 Site Description & Conditions

2.1 General Site Description

The project site is located within a residential neighborhood in the north portion of the City of Coronado, California,
bordering Navy Base Coronado along the Bay side of the city (Figure 1). The project site includes the shoreline within
the San Diego Unified Port District jurisdiction, which fronts the two private properties at 407 and 409 1st Street, at
the approximate coordinates of 32.702198°,-117.179451°. The project site is located at a transect of Coronado
approximately 1.4 miles in width, exposing it primarily to coastal hazards from within San Diego Bay.
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Figure 1. Vicinity Map.

The use of riprap for shoreline
stabilization in Coronado began
with construction of the Zuniga
Jetty in 1904 and continued with
further coastal development
over the following decades,
including construction of the
Naval Air Station North Island
(NASNI) in 1917. Today, the
entire stretch of shoreline
spanning from NASNI (420 feet
west of the project site) to
Harborview Park (1,590 feet
east of the project site) is
armored by riprap.

The project site is located

directly on the bay shoreline, and
is the first line of defense against erosion and flooding for the residential neighborhood (Figure 2). The resilience
of this shoreline and residential parcels is of enhanced importance due to their fronting of 1st Street, which is a
primary entry point to Naval Base Coronado.

Figure 2. Site Map.
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2.2 Existing Revetment Structure

The existing revetment consists of nonuniform rocks and concrete debris (Figure 3). A site evaluation by others
found that the existing revetment has settled +2 feet over time, implying structural degradation and diminished
performance capabilities. The existing debris is primarily concrete, which is not a naturally occurring material, and
has poor structural interlocking properties due to the nonuniformity of the chunk shapes. The use of debris for
shoreline stabilization is no longer a standard practice due to its poor structural properties and poor visual appeal.
The California Coastal Commission’s current policy guidance highly values scenic and visual resources for shoreline
adaptation, which would be enhanced at the project site by replacing concrete debris with riprap stones.

Figure 3. Existing Revetment Site Images.

Elevation views of the existing project site show the revetment elevation ranges from +1 ft Mean Lower Low Water
(MLLW) at the toe to +12 ft MLLW at the crest (Figure 4).1 The overall height of the revetment fronting 407 1st Street
appears to be a couple of feet shorter than the revetment fronting 409 1st Street. A key feature of the shoreline
structural layout is that the revetment is backed by existing hardscape that elevates above the crest of the
revetments. Therefore, the revetment structure is not the controlling element for flooding, and the primary functions
of the revetment are to stabilize the shoreline from erosion and break waves to minimize wave runup and

overtopping.

1The Mean Lower Low Water (MLLW) vertical datum will be used in this report to match the construction drawings. Close attention
should be paid to the vertical units used since some official flood and sea level rise documents utilize other datums such as NAVD8S8.

The conversion from MLLW to NAVDS88 at the project site is -0.43 feet (MLLW is below NAVD88).
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Figure 4. Existing Revetment Elevation Views.

2.3 New Revetment Structure

The new revetment structure would fully replace the existing structure, and consist of a standard design of a sloped
armor layer supported by a filter layer (Figure 5). The filter layer would be 1 foot thick and consist of quarry waste
laid on filter fabric. The armor layer would be 3.3 feet thick and consists of ¥-ton rock. The new revetment would
have a uniform slope and be confined within the same horizontal footprint as the existing revetment for a total
width of 24 feet. The design drawings show that the crest of the proposed revetment’s filter layer would be at +9 ft
MLLW (+8.57 ft NAVD88), with the crest of the armor layer rock extending one stone diameter length above the
filter layer crest. The crest of the filter layer is significant because water flows through the filter layer and underlying
filter fabric much less freely than through the armor layer rocks, which have large voids between them. Similarly to
the existing revetment, the crest of the new revetment would sit below the crest of the existing hardscape. The
design drawings show the crest of the existing hardscape to be at approximately +13 ft MLLW (+12.57 ft NAVD88),
but this is not confirmed because the existing hardscape is beyond the limits of this project.
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Figure 5. New Revetment Elevation View.

Replacing the existing revetment materials with new larger rocks that are properly placed will help stabilize the
shoreline and prevent erosion and flooding. Using uniform and natural rock instead of debris or concrete will also
enhance visual/scenic resources for the coastal environment. Although this shoreline is not specifically designed
to be a nature-based solution, the crevices within the larger rocks will allow space for marine species, such as the
native Lined Shore Crabs, to form habitats.

3 Sea Level Rise

Sea level rise is a global ocean phenomenon driven primarily by two major factors linked to climate change: the
thermal expansion of seawater as it warms, and the addition of water from melting glaciers and ice sheets. As global
temperatures increase, oceans absorb heat, causing water to expand while land-based ice melts and flows into the
sea, raising water levels worldwide. Sea level rise is not uniform, as local factors such as ocean currents, land
subsidence, and gravitational effects can cause regional differences. Sea level rise poses significant risks to
communities, ecosystems, and infrastructure within the coastal environment. Rising sea levels directly exacerbate
flooding, erosion, and habitat loss, and therefore require careful consideration when constructing a new shoreline
revetment.

Chapter 4 of the OPC 2024 guidance outlines a stepwise process to apply sea level scenarios in new project design.
These steps are summarized in Figure 6, starting with identifying the nearest tide gauge, then evaluating project
time horizons, choosing multiple sea level scenarios, and assessing vulnerability. The tide gauge nearest to the
project site is San Diego Station 9410170, and the project time horizons will be years 2060, 2075, and 2100 to
complete a 35-, 50-, and 75-year structure design life evaluation from the current year of 2025.
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Figure 6. OPC 2024 Stepwise Process for SLR
Assessments.

OPC 2024 is the official resource for sea level rise values in
San Diego. OPC’s Sea Level Rise Guidance is the same data
source used in both the Port of San Diego’s 2019 Sea Level
Rise Vulnerability Assessment & Coastal Resiliency Report
and City of Coronado’s 2022 Sea Level Rise Vulnerability
Assessment and Adaptation Plan Report. The OPC’s sea level
rise tables categorize values for each future year as Low,
Intermediate-Low, Intermediate, Intermediate-High, and High
corresponding to the ranges of future emissions/warming
levels. According to OPC 2024 Box 18 “most commercial and
residential development” that will “experience medium to
high consequences if impacted” fall under the “medium-high
risk aversion” level, and should be resilient to the
Intermediate-High sea level rise scenario. This project’s
revetment structure most closely corresponds to the medium-
high risk description; therefore, the Intermediate-High
Scenario will be applied. OPC 2024 Table 2.2 shows the
Intermediate-High Scenario values have exceedance
probabilities of 1% for a 4°C global mean surface air

temperature change, 2% for a 5°C change. Sea level rise values for the Intermediate-High Scenario in San Diego
are shown in the red box in Figure 7, which are presented in units of feet relative to the baseline year of 2000.

Figure 7. 2024 OPC Sea Level Rise Table for San Diego [Feet, Baseline Year 2000].

2024 OPC Intermediate-High sea level rise values corresponding to the project time horizons of years 2060, 2075,
and 2100 are 1.6, 2.7, and 4.9 feet, respectively. These values are similar to, but slightly larger than, the values of
1.4, 2.6, and 4.5 feet recommended in Table ES.2 of the Port’'s 2019 sea level rise report, which is based on the

now-outdated 2018 OPC sea level rise values.
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4 Coastal Hazards

Due to the project site’s location along the bay shoreline it's exposed to a variety of coastal hazards including tidal
inundation, storm flooding, waves, erosion, groundwater rise, and tsunamis. Each of these hazards is exacerbated
by sea level rise as the baseline water level elevates, and can interact with each other as dependent variables.
These hazards are assessed either quantitatively or qualitatively in Sections 4.1-4.7 below.

4.1 Tidal Inundation

Tides are the regular rise and fall of sea levels caused primarily by the gravitational pull of the moon and the sun
on Earth’s oceans. Tidal inundation is a coastal hazard that occurs when high tides temporarily flood low-lying areas,
even in the absence of storms. Sea level rise directly amplifies tidal inundation by increasing the base water level
from which tidal ranges oscillate. The most hazardous tides are the rare “king tides,” which occur a couple of times
per year when the Earth, Moon, and Sun most closely align, resulting in tides that can extend a few feet higher than
the daily mean high tide.

4.1.1 NOAA Tidal Elevations

Tidal stillwater elevations for the project site are obtained from the NOAA Tides and Currents system’s tidal bench
mark stations. The closest station to the project site is Station 9410170 San Diego, located less than one mile
north of the project site. The tidal elevations at this station are presented in Table 1 relative to MLLW datum for the
1983-2001 epoch:

Table 1. Project Site Tidal Elevations From
NOAA Station 9410170 San Diego, CA

MHHW Mean Higher-High Water +5.73
MHW Mean High Water +4.98
MSL Mean Sea Level +2.94
MLW Mean Low Water +0.94
MLLW Mean Lower-Low Water +0.00
NAVDS8S8 North American Vertical Datum of 1988 +0.43
Max Tide Highest Observed Tide +8.24
Min Tide Lowest Observed Tide -3.09

These tidal elevations are all below the +9 ft MLLW (+8.57 ft NAVD88) crest of the proposed revetment’s filter layer,
therefore the proposed revetment would not be overtopped from the tidal stillwater level without sea level rise. The
most significant tidal elevation typically used in engineering design and coastal hazards planning is the Mean
Higher-High Water level, which is +5.73 feet MLLW (+5.30 ft NAVD88) at the project site. MHHW elevates to the
following Table 2 values with sea level rise factored in:
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Table 2. MHHW Tidal Elevation with SLR

. Sea Level Rise Future MHHW Future MHHW
[feet] [feet MLLW] [feet NAVD8S]

2000 +5.73 +5.30
2060 1.6 +7.33 +6.90
2075 2.7 +8.43 +8.00
2100 4.9 +10.63 +10.20

These tidal elevations suggest that the +9 ft MLLW crest of the proposed revetment’s filter layer would not be
overtopped at MHHW through year 2075, but would be overtopped at some time between years 2075 and 2100.
This overtopping of the revetment is not significant because the revetment is backed by existing hardscape that
extends to a higher elevation.

4.1.2 NOAA Extreme Water Levels

In addition to the measured tidal stillwater elevations, NOAA’s Tides and Currents system provides statistical
estimates of Extreme Water Levels (EWLs). EWLs are stillwater level anomalies from the highest astronomical tides
with meteorological effects, such as regional pressure systems. The EWLs for the project site are displayed in Figure
8, with the oscillating blue line representing measured monthly maxima water levels, and the purple, blue, yellow,
and red straight lines representing the estimated 99%, 50%, 10%, and 1% annual exceedance probability levels,
respectively.

Figure 8. NOAA Extreme Water Levels for Station 9410170 San Diego.

Figure 8 is also noteworthy because it illustrates that mean water levels have increased approximately 1 foot over
the past century at the project site. Table 3 illustrates the project site’s EWLs for year 2025 as follows:

Table 3. Project Site Extreme Water Levels in 2025

Annual Exceedance Water Elevation [feet Water Elevation [feet
Probability oG Mo bilalak MLLW] NAVDSS]
99% 1.7 +7.43 +7.00
50% 2.1 +7.83 +7.40
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Table 3. Project Site Extreme Water Levels in 2025

Annual Exceedance Water Elevation [feet Water Elevation [feet
Probability oG Mo bilalak MLLW] NAVDSS]
10% 2.4 +8.13 +7.70
1% 2.7 +8.43 +8.00

These values can be compared to the MHHW value of +5.73 ft MLLW, and crest of the proposed revetment’s filter
layer at +9 ft MLLW. The results show the proposed revetment’s filter layer crest is not expected to be overtopped
by even a 1% annual chance extreme water level at this time.

4.1.3 CoSMoS Tidal Inundation

The Coastal Storm Modeling System (CoSMoS) is a sophisticated modeling tool developed by the United States
Geological Survey (USGS) to predict coastal hazard conditions in combination with sea level rise. CoOSMoS provides
detailed simulations of coastal hazards, and factors in wave dynamics, storm surge, and other complex coastal
processes. COSMoS data is accessed through an online mapping tool that allows users to interactively display
coastal hazard areas based on different input settings. The online CoSMoS viewer tool is free and can be accessed
at www.ourcoastourfuture.org/hazard-map/. The most up-to-date model covering the project site area is CoSMoS
v3.0, which was completed in 2018 as part of the State of California’s Fourth Climate Change Assessment.

CoSMoS data will be used in this report since it is industry-standard, and utilized/recommended in both the Port of
San Diego’s 2019 Sea Level Rise Vulnerability Assessment & Coastal Resiliency Report and City of Coronado’s
2022 Sea Level Rise Vulnerability Assessment and Adaptation Plan Report. CoOSMoS model data for flooding from
high tide and the 100-year storm with sea level rise are mapped in this report, but the full extent of mapped data
can be accessed online. CoOSMoS maps coastal hazards only over 1/4-meter intervals, therefore the sea level rise
values from the OPC 2024 tables described in Section 3 above will be aligned to the CoSMoS sea level rise values
as follows:

Table 4. Alignment of Project Site Sea
Level Rise Projects with CoSMoS

Project Site / OPC

CoSMoS SLR Value

Time Horizon 2024 SLR Value [feet]
[feet]

2060 1.6 1.6

2075 2.7 2.5

2100 4.9 49

The OPC 2024 and CoSMoS sea level rise values align very closely, helping with the accuracy of the assessment
presented in this report.

CoSMosS data specifically within the project site area is mapped in Appendix A of this report. Figures A1, A3, and A5
show the flood extend under the Mean High Water (MHW) tidal elevation with 1.6, 2.5, and 4.9 feet of sea level
rise, respectively. MHW is the average of all daily high tides, in comparison to MHHW which is the average of just
the one highest daily high tide. These figures show that under 1.6 feet and 2.5 feet of sea level rise no tidal

JULY 2025 12



inundation occurs in the project site vicinity, but by 4.9 feet (year 2100) significant tidal inundation occurs. The
spatial progression of this tidal inundation is primarily from the shoreline west of the project site, but overtopping
of the shoreline structures at the project site is also a concern. This suggests that flooding from sea level rise is a
significant concern at the project site because these flood maps do not factor in storms/waves.

4.2 Storm Flooding

Storm flooding refers to any short-term weather event in the atmosphere or ocean that results in rain or waves that
cause sustained water flows into coastal land areas. Atmospheric storms are characterized by intense winds and
rain, which can rapidly accumulate surface water that overwhelms natural and manufactured drainage systems; as
rainfall saturates the ground, excess water flows over the surface and converges in low-lying areas and waterways.
Urban environments are particularly susceptible to flooding due to the prevalence of impervious surfaces like
concrete and asphalt that prevent water absorption into the ground, and accelerate runoff into waterways and
drainage systems. The individual effects from storm wind, waves, high tides, and rain often combine and interact
to cause higher levels of flooding. Storm flood map data for this report is obtained from both FEMA and CoSMoS.

4.2.2 FEMA Storm Flooding

The Federal Emergency Management Agency (FEMA) is a U.S. government agency responsible for coordinating
disaster response, recovery efforts, and emergency preparedness at the national level. Official FEMA flood maps,
titled Flood Insurance Rate Maps (FIRMs), are designated federal tools used to delineate flood hazard areas and
determine flood insurance requirements throughout the U.S. These maps show the extent of the 100-year
floodplain, base flood elevations, and flood zone type designations. FEMA flood maps factor in all forms of coastal
flooding including storm surge, wave action, tidal influences, rainfall, and fluvial flooding. FEMA flood maps do not
incorporate sea level rise, therefore storm flooding with sea level rise will only be assessed using the CoSMoS data
below. The FEMA flood map data for this project site is shown in Figure 9.

The revetment structures are located within,
but along the border of, a FEMA Special Flood
Hazard Area (SFHA) AE Zone with a Base Flood
Elevation (BFE) of +9 ft NAVDS8S, or +9.43 ft
MLLW, which is above the revetment’s filter
layer crest of +9 ft MLLW. FEMA defines SFHAs
as follows:

Figure 9. FEMA Flood Map Within the Project Site Vicinity.

Flood hazard areas identified on the Flood
Insurance Rate Map are identified as a Special
Flood Hazard Area (SFHA). SFHA are defined as
the area that will be inundated by the flood
event having a 1-percent chance of being
equaled or exceeded in any given year. The 1-
percent annual chance flood is also referred to
as the base flood or 100-year flood.

The fact that the property’s adjacent to an AE
Zone instead of a VE zone implies that the
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EXHIBIT 1

Ambient Noise Measurement Locations
Arendsee SLPR
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